ABSTRACT
Team-based learning (TBL) has proven to be a valuable tool in undergraduate and graduate medical education 1,2 curricula in many institutions. In these settings, TBL is replacing the traditional didactic lectures as the preferred educational modality. TBL has been demonstrated to positively influence changes in students' attitudes about working within teams, in their sense of professional development, and in their comfort and satisfaction with peer evaluation. 1 To date, however, TBL has not been widely introduced into postgraduate medical education.
TBL educational sessions are "learner-centered" as they require the students to complete individual "prework" assignments (eg, reading a book chapter or an evidence-based medicine article) before the session and group assignments during the session (completed with the aid of readily available online resources, eg, PubMed). In this context, the faculty member acts as a facilitator rather than as a "lecturer." The goals of TBL are two-fold: to deepen students' learning and to promote development of high-performance learning teams. TBL has a very specific structure, which includes a readiness assurance process followed by application-oriented activities. The readiness assurance process has five vital components: individual study (or prework), individual testing (based on the prework), group testing (identical to the individual test but completed as a team), a written appeal process from teams with questions or arguments that encourage discourse, and lastly, instructor feedback. 3, 4 Over the past 20 years, TBL has been increasingly used as an active learning strategy. It has been demonstrated that more than 99% of teams taking the readiness assurance test as a group (group readiness assurance test [GRAT] ) outperform that group's best individual member's test performance (individual readiness assurance test [IRAT] ) by an average of nearly 14%. Furthermore, in the majority of sessions, the lowest team score was higher than the single best individual score among all participants, indicating that learning took place and concepts were solidified. 3 Multidisciplinary team-based care is the cornerstone for improved clinical outcomes, and physicians need to develop and possess teamwork skills to excel in such an environment.
After completing the group test, the TBL process continues to foster teamwork by requiring the group to defend its answer choices against those of the other groups during the final appeal of the readiness assurance process. Following the readiness assurance process, the groups are able to enhance their cohesiveness as they tackle realistic problems and higher-level questions together. 3, 4 In three studies comparing the use of TBL with traditional lectures in various curricula, students in the TBL curricula performed as well as, or outperformed, those using lecture-based curricula on final examinations or standardized tests. [5] [6] [7] Residents have the potential to achieve a broader knowledge base of evidence-based concepts through TBL, which may help to improve resident in-service and board examination, as well as their eventual individual practice as physicians.
To be effective, TBL assignments should follow the "four Ss:" assignments should be Significant to students, all students should work on the Same problem, students should be required to make a Specific choice, and groups should Simultaneously report their choices. 3, 4, 8 In addition to being a motivational tool for undergraduate and medical school learning and a developmental tool for teamwork, TBL can be a valuable component of postgraduate training. In our study we aimed to measure the effect of TBL on promoting learning and teamwork in the setting of an anatomic and clinical pathology residency training program.
Materials and Methods

Sample
The study participants consisted of 11 to 16 pathology residents in postgraduate years 1 through 4 at North Shore-LIJ (NSLIJ) Health System, Lake Success, NY. The local institutional review board approved an exemption for this study.
TBL Sessions
As part of the pathology residency curriculum at NSLIJ, residents attend 1-hour didactic sessions every morning. These sessions span anatomic and clinical pathology disciplines, and include lectures and slide seminars given by attending pathologists, as well as journal clubs, seminars, and interesting case presentations offered by the residents.
In place of four of these "usual" didactic sessions, four 2-hour TBL sessions were held on different days, facilitated by different attending pathologists. The faculty pathologists underwent prior training in TBL by reading books and articles and attending a seminar on TBL. Topics included molecular diagnostics in lung cancer (facilitated by a molecular pathologist), interstitial lung disease (facilitated by a thoracic pathologist), death certification (facilitated by a forensic pathologist), and delayed hemolytic transfusion reactions (facilitated by the director of transfusion medicine). Residents were assigned source reading to be completed before the session, as well as learning objectives, to acquire basic knowledge of the topic. This preparatory reading replaced the usual lecture-style presentation of basic information. Teams of first-through fourth-year residents were assembled to achieve balance among various training levels. To reinforce foundational concepts and to measure whether the fundamental concepts were internalized, participants took the IRAT and GRAT, which consisted of questions based on the preparatory material ❚Table 1❚, which were followed by application-oriented activities ❚Figure 1❚. 3 The application exercises consisted of more complex problem solving, built on the foundational knowledge gained in preparation, and reinforced during the group test, during which the residents demonstrated critical thinking skills and problem-solving strategies in real-life pathology examples.
Measurements and Data Analysis
The results of the IRAT and GRAT performed during each TBL session were compared using Wilcoxon matchedpairs signed rank tests. Nonparametric tests were used because of lack of normal values.
A peer evaluation tool to assess team performance was used in the first session, but it was decided to replace this assessment with a more structured, validated survey tool in the subsequent sessions. After three of the four TBL sessions, the participants completed an 18-item validated and reliable team performance survey which measured the quality of team interactions on a scale of 0 (none of the time) to 6 (all of the time). 2 Mean and standard deviation were calculated for each item in this survey.
All statistical analyses were performed using STATA 10.1 (StataCorp, College Station, TX).
Results
Scores on the IRAT vs GRAT were significantly different, with P < .05 for the first through fourth TBL sessions ❚Table 2❚. The team performance survey received mean scores ranging from 5.3 ± 0.9 to 6.0 ± 0.0 ❚Table 3❚. 
Discussion
Using TBL, residents were able to solve complex problems and work through difficult scenarios in a team setting. The faculty members observed the use of critical thinking skills and problem solving during the group application exercises. This study provides evidence that the use of TBL in a combined anatomic and clinical pathology curriculum enhances resident education by promoting and developing teamwork among residents as well as by increasing resident engagement. Importantly, the usual "lecture material" was already learned through resident self-study in the preparatory work, thus enabling the facilitator to directly "jump" to more complicated and difficult application problems subsequent to the IRAT and GRAT assessments. Although the GRAT includes the same questions as the IRAT, the importance of the GRAT is not only the teamwork achieved by answering questions together, but also the beginning of residents teaching their peers and the group discussing each question together to achieve the best answer. The difference between IRAT and GRAT scores demonstrates that resident learning is further internalized in the group setting. The team performance survey results suggest that participation of all team members was effective; that discussion of members' different opinions was respectful and productive, which allowed the group to arrive at a consensus answer; and that the group learning experience is perceived in a favorable manner by the participants.
To our knowledge, this is the first study to examine the effectiveness of TBL in promoting learning and teamwork in the setting of an anatomic and clinical pathology residency training program. Our results corroborate those of previous studies that explored the applicability and feasibility of TBL in residency training programs, including primary care, 9 psychiatry, 10 and physical medicine and rehabilitation. 11 Similar to our study, Shellenberger et al 9 demonstrated higher group than individual scores on the readiness assurance test, and Touchet and Coon 10 showed a high level of enthusiasm and engagement during TBL among its participants.
TBL provides residents with an engaging and supportive environment in which they can develop critical thinking skills and learn to work collaboratively as a team to approach and solve challenging problems commonly encountered in practice. In the course of the readiness assurance tests and application-oriented activities, residents are compelled to arrive at an answer when, as is often the case in clinical decision making processes, there may be more than one correct answer. In accomplishing this task, the residents are encouraged to draw upon current literature and evidence-based medicine and to defend their interpretations of, and decisions based upon, such evidence. During a TBL session, therefore, a discussion is generated with residents defending their group's choice to their peers that provides a deeper learning experience for all participants through challenging and intellectual discourse. Thus, TBL sessions allow residents to learn to collaborate in a productive manner, which relates to the Accreditation Council for Graduate Medical Education (ACGME) competencies of professionalism and interpersonal and communication skills.
Following the four TBL sessions, the faculty facilitators provided written feedback. They found TBL to be a productive use of their time and skills, as well as an enjoyable and rewarding experience, with one facilitator remarking that the session was "alive and engaging" and another commenting "I absolutely love TBL." The facilitators noted that preparation time for the TBL session (providing prework, creating IRAT and GRAT, producing the problem-oriented activity) took longer than the usual didactic session preparation, but in the end they felt the extra effort was well invested. They commented that the resident learning achieved through the process was "obvious" and that the residents showed a high level of participation and worked well together. Facilitators observed that most residents were prepared and had done the assigned prework, which provided the residents with the necessary foundation to meaningfully engage with the group exercises.
Study limitations include the small sample size as well as the fact that it was a subjective measurement tool (using a survey rather than standardized examination scores). In addition, time constraints present in residency programs such as ours prevent the implementation of the 3-to 4-hour sessions originally envisioned for implementing TBL curricula. We exercised an abridged form of TBL incorporating all of the essential components, including readiness assurance process (prework, IRAT, GRAT) and application-oriented activities, in a 2-hour time frame. Our findings should be further investigated by comparing TBL sessions with standard didactic lectures to fully understand the effectiveness of TBL vs the traditional resident education methods. Additional future studies can investigate how resident in-service and board examination scores are related to the TBL content in a residency program. As was done in this study, modifications of the basic TBL time and/ or content format, with consideration of residency duties and service work responsibilities, should be investigated. Future sessions may incorporate the use of a pretest in conjunction with an audience response system as an alternative method to the IRAT/GRAT, affording more time for the group application oriented-exercise.
In conclusion, we found that TBL has allowed for higher levels of rewarding educational engagement by both faculty members and residents, as observed by the faculty. Our study was the first to evaluate the introduction of TBL into pathology residency education, and it provided the opportunity to use teamwork in an active learning strategy. TBL has the ability to enhance residency training by raising the levels of engagement and stressing teamwork as essential. The GRAT allows residents to teach each other while achieving ACGME competencies of medical knowledge, professionalism, and interpersonal skills. Having a faculty facilitator, rather than a "teacher," forced residents to discuss answers and explain concepts to one another. TBL has already begun to enhance our residency training and we plan to pursue TBL in future studies to find the best model for pathology residency training.
